A high performance thin-layer chromatographic (HPTLC) method for quantitative analysis of trazodone in human serum has been developed and validated. Trazodone was extracted with n-hexane: isoamyl alcohol (99:1). Chromatographic separation was performed on silica gel 60 F 254 HPTLC plates, with toluene: acetone: ethanol: ammonium (9:7:2:0.5, v/v/v/v) as mobile phase. Densitometric evaluation was carried out at 290 nm. There was no chromatographic interference between trazodone and its major metabolite, m-chlorophenilpiperazine (R f 0.82 and 0.39, respectively). Regression analysis of the calibration plot revealed good linearity (r=0.999) over the range of 20.00 and 200.00 ng/band, corresponding to 0.20 and 2.00 ng/μL of trazodone in human serum after extraction process and applying 10 μL to the chromatographic plates. The % RSD of intra-assay and inter-assay precision, were in the range of 0.98% to 2.97% (n=3) and 1.06% to 3.54% (n=9), respectively. LOD and LOQ were found to be 0.016ng/μL, and 0.048ng/μL, and the recovery values, of trazodone from serum, were between 92.52 % and 96.73 %. This method was successfully applied to quantify trazodone in patient serum samples. In conclusion, the developed method might be useful for the quantitative determination of trazodone in human serum, as a tool to evaluate patient adherence to their pharmacotherapy with this drug.
INTRODUCTION
Trazodone ( Figure 1 ) is a FDA approved orally antidepressant drug that is chemically and structurally unrelated to tricyclic or tetracyclic antidepressants or to selective serotonin-reuptake inhibitors. 1 indirect methods, as questionnaires about the daily administration of the drug, and pill counts, with the problem that the results can be true or false [11] [12] [13] [14] ; or by a direct method, the determination of drug levels in biological fluids. [1] [2] [3] Hepatic or renal damage are related with a lower drug excretion and, therefore, with higher plasmatic concentrations. Therefore, these patients must be excluded from the study.
After optimal evaluation of the pharmacotherapy adherence, it can be improved with psychosocial interventions used in conjunction with pharmacotherapy.
Literature survey reveals that some LC [15] [16] [17] [18] [19] [20] [21] [22] [23] and GC 24 had been reported for the determination of trazodone in human blood in the last years. Also a HPTLC method 25 , but, although this HPTLC method was find, our work has important advantages, as its precision. Other significant advantage of our method is the sample application as band, better than application as spot. Moreover, the incorporate chamber developed to the system had give better results.
HPTLC allows for a fast analysis, because many samples can be analyzed simultaneously, with minor cost in solvents and time than other techniques, and with a very good selectivity, accuracy and reproducibility. Sensibility of HPTLC is in the order of nanograms or pictograms Authors have performed some works using HPTLC for quantitative determination of drugs in biological fluids [26] [27] [28] [29] , and in dosage forms [30] [31] [32] [33] [34] [35] with exact and reliable results. Therefore, the aim of the present work was to develop and validate a sensitive, accurate, precise, selective and fast HPTLC method for quantitative determination of trazodone in human serum. This should be useful for application in therapeutic drug monitoring of this drug and evaluation of the pharmacotherapy adherence.
EXPERIMENTAL
Material Instrumentation HPTLC system: TLC Scanner 3 (CAMAG, Muttenz, Switzerland), equipped with software winCATS 1.4.3 (CAMAG). Band application device: automatic TLC Sampler 3 (CAMAG); automatic chamber ADC2 (CAMAG); and HPTLC plates precoated with silica gel F 254 (Merck, Darmstadt, Germany). Reprostar 3, picture camera.
WLW Centrifuge (Germany), Heidolph shaker (Gemany), and Reacti-Vap evaporator (Rockford, USA). Brand Micropippetes.
Reagents and chemicals
USP standards of trazodone and m-chlorophenilpiperazine were obtained from Sigma-Aldrich, St.Louis, MO. N-hexane, isoamyl alcohol, toluene, acetone, ethanol, ammonium and methanol, were from Merck, Darmstadt, Germany. All of the reagents were pro-analysis quality. Trazodone is used in the treatment of major depressive disorder, specially in patients who exhibit a prominent and realively persistent depressed or dysphoric mood that usually interferes with daily functioning. Moreover, trazodone is used in patients with major depression who have associated anxiety. [1] [2] [3] Trazodone is rapidly and almost completely absorbed from the gastrointestinal tract following oral administration. Peak plasma concentrations of trazodone occur approximately 1 hour after oral administration when the drug is taken on an empty stomach or two hours after oral administration when taken with food.
Trazodone is extensively metabolized in the liver, and its major and active metabolite is m-chlorophenilpiperazine.
The usual range encountered in patients treated with the drug, is between 0.48-1.62 ng/μL.
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Patient´s adherence to antidepressant drug regimen is an important factor in achieving the recovery of the patients and reducing outcomes. Between 30 and 83% of patients discontinue their therapy prematurely. Non-adherence to treatment increases medical charges, familiar, personal and social costs. [4] [5] [6] [7] [8] [9] [10] There are two ways to evaluate pharmacotherapy adherence of the patients:
Methods

Drug solutions
Accuracely weighed trazodone standard was dissolved in methanol to get a concentration of 1 mg/ mL. Blank serum samples were spiked with standard solution, to obtain final concentrations of 0.20 to 2.00 ng/μL of trazodone.
Drug-free serum used for the validation of the method was obtained from healthy volunteers. Serum collected was stored at -20ºC.
Serum samples Blood of patient volunteers (n=5) who were using trazodone as treatment for major depression were used for quantitative determination of the drug from biological fluid. The collection of the samples was done in the morning, before the next drug administration. Blood was withdrawn from the antecubital vein. Serum was separated from plasma by centrifugation of blood samples at 3000 rpm for ten minutes and, if not assayed on the same day, stored at -20ºC for two days.
Extraction procedure 1 mL of NaOH 2.00 M was added to 2 mL of serum in a glass-stoppered tube and vortexed. Then, 10 mL of n-hexane -isoamyl alcohol (99:1, v/v) was added to the solution, which was subsequently vortexed for 15 minutes and centrifuged for 5 minutes at 3000 rpm. The organic phase was transfer to another test tube, and then, evaporated under a gentle steam of dry nitrogen at 40ºC. The residue was dissolved in 200 μL of methanol. An aliquot of 10μL of this solution was spotted for analysis. All the procedure was accomplished under safety conditions. Chromatography The samples were spotted in the form of bands of 4mm bands width on silica gel F254 plates with a constant application of 0.1 mL/sec, using an automatic TLC Sampler 3 (CAMAG). The developed mobile phase was consisted of toluene: acetone: ethanol: ammonium (9:7:2:0.5, v/v/v/v). Linear ascending development was carried out in automatic ACD2 chamber (CAMAG). The migration distance was 8 cm and the migration time 10 minutes. Densitometry readings were carried out using a TLC Scanner 3 CAMAG assisted by a computer equipped with software winCATS 1.4.3, and a deuterium lamp was used as the radiation source. Densitometric scanning was performed at 290 nm. The slit dimension was kept at 5mm x 0.45 mm, and 10mm/sec scanning speed was employed. Each track was scanned thrice and baseline correction was used prior to integration.
Validation Validation was performed in compliance with international guidelines [36] [37] [38] [39] , using adequate statistics estimates.
RESULTS AND DISCUSSION
In an attempt to optimize the mobile phase, various mixtures of solvents were investigated. The use of toluene: acetone: ethanol: ammonium (9:7:2:0.5, v/v/v/v) resulted in sharp, well-defined peak. The optimum wavelength for detection and quantification was 290 nm.
Linearity (calibration plots)
The standard curve of trazodone was linear over the concentration range of 0.20 ng/μL and 2.00 ng/μL (0.20; 0.50; 1.00; 1.50; 2.00 ng/μL) , which corresponded to 20 ng/spot and 200 ng/band, respectively, after the extraction process and with application of 10 μL each time to the chromatographic plates. Five different concentrations were used and each solution was spotted six times. This range includes the trazodone concentrations expected in serum (0.48 to1.62 ng/μL).
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The equation of the standard curve relating the peak areas to the concentration of trazodone was: y = 349.52x + 57.21with a correlation coefficient of 0.999.
Detection and quantification limits
The limit of detection (LOD) and limit of quantification (LOQ) were calculated preparing solutions at three concentrations (0.05; 0.10; 0.15 ng/μL) in the lower range of linear regression curve.
LOD was 0.016 ng/ μL and LOQ was 0.048 ng/ μL, determined using the equations [36] [37] [38] [39] : LOD = 3.3 s/b; LOQ = 10 s/b, where s is the standard deviation of the responses, and "b" corresponds to the slope of the curve.
Precision
Precision of the method was evaluated by repeatability and intermediate precision studies.
Trazodone solutions of 0.20 ng/μL, 1.00 ng/μL and 2.00 ng/μL were used in these studies. Three solutions of each concentration were independently prepared and each of them being applied three times. [36] [37] [38] [39] For repeatability study, all applications were made on the same plate, by the same analyst, on the same instrument, and on the same day. To study the intermediate precision or inter-assay precision, solutions of each concentration were independently prepared for three different days. Precision analysis studies showed an intra-assay variation between 0.98 % and 2.97 % and an inter-assay variation (intermediate precision) between 1.06 % and 3.54 % ( Table 1) . 
Accuracy
The accuracy of the method was determined by %recovery, obtained from linear regression equation. Solutions of 0.20 ng/μL, 1.00 ng/μL and 2.00 ng/μL were used in this study. Three solutions of each concentration were independently prepared and each of them was applied three times. The recovery obtained was between 94.72% and 98.96%, as show in Table 2 . 
Extraction recovery
The extraction recovery of trazodone from serum was evaluated using solutions of 0.20 ng/μL, 1.00 ng/μL and 2.00 ng/μL. The extraction recoveries were calculated comparing the observed concentrations obtained from the processed standard samples to the concentrations obtained from the standards solutions added to the serum after the extraction, which represented 100 % recovery. The extraction recovery of trazodone from serum ranged from 92.52 % to 96.73 %.
Selectivity
The selectivity was evaluated by observing any interference from the main metabolite of trazodone (m-chlorophenilpiperazine) and the parent compound.
The solutions were prepared at a concentration of 1.00 ng/μL of each compound.
No interferences were found between trazodone and its metabolite (R f = 0.82 and 0.39, respectively) ( Figure 2) . Also, samples of blank serum free of drug obtained from healthy volunteers were spoted. No peak was found, therefore, there are no inteferences between trazodone, its metabolite and blank serum.
Application of the method
This method was used to measure the concentration of trazodone in serum of volunteers patients (n=5) who were using trazodone as pharmacotheraphy for major depression for at least six months. The collection of the samples was done in the morning, twelve hours after the last drug administration. The trazodone concentration ranged between 0.40 ng/μL and 1.50 ng/μL (0.40 ng/ μL, 051 ng/ μL, 0.64 ng/ μL, 0.86 ng/ μL, 1.50 ng/ μL), with a standard deviation of 3.51.
Stability
Stability of trazodone in the matrix of human serum was assessed by store solutions of 0.20 ng/μL, 1.00 ng/μL and 2.00 ng/μL at -20ºC for up to 12 weeks. Measurements were done at days: 0, 10, 20, 40, 60 and 84. Observed concentrations of trazodone during this time ranged between 92.65 %-98.37 %.
Freeze-thaw stability of trazodone in human serum was studied using solutions exposed to three cycles of freezing-thawing versus regularly treated quality control samples. The measured concentrations of trazodone ranged between 93.70% and 98.25 %.
Comparison of results with other analytical methods to determination of trazodone in blood
This method has a better extraction recovery percentage and a better precision than other methods for quantitative determination of trazodone in blood [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . The proposed method has extraction recoveries of trazodone from serum between 92.5 % and 96.7 %, whereas the method by Okhubo et al 19 showed extraction recoveries of 81.0 % to 84.2 %, and the method of RaviPrakash et al 16 had trazodone recoveries from blood between 36.1% and 40.8%. The method by Li-Bo et al 17 showed an extraction recovery of 72.6 % to 88.3 %, and with precision (RSD) of 2.9 % to 3.7 %. The RSD for the precision studies of our method was between 1.0 % and 3.5 %. Mercollini 
CONCLUSIONS
The aim of this study was establish a simple HPTLC method suitable for quantification of trazodone in serum samples, method that can be used with easy-to-handle equipment for the therapeutic monitoring of serum levels, as a tool for evaluate patient adherence to their drug treatment.
HPTLC separation was obtained within ten minutes. This procedure enables the determination of trazodone using a very simple and fast liquidliquid extraction method, with a very good efficacy, having extraction recoveries between 92.5 % and 96.7 %, better than other methods to quantify trazodone in blood [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . The intra-day and inter-day variation of trazodone concentrations were in concordance with the precision criteria for an assay method for drugs in biological fluids [36] [37] [38] [39] , and also were better than other methods to quantitative determination of trazodone in blood [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . Serum levels of trazodone at therapeutically efective doses (0.48-1.62 ng/μL) 1-3 are above the detection limit (0.016 ng/μL) and above the quantification limit (0.048 ng/ μL) for this method.
No interference was found between trazodone peak and metabolite peak. The most significant advantages of the present HPTLC method are that the chromatographic conditions are simple, the analysis requires a short period of time, and the method allows a large number of samples to be measured simultaneously with a very good accuracy, sensitivity and precision.
